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>eCUWITV  CLMSIPICATIOW  OF  THIS  eikOt  f»h«n  Data  BntaraO 

'  1  hour.  Thermogenic  drinking  persisted  for  at  least  120  days  of  exposure  to 
cold.  It  was  not  thwarted  by  preventing  access  to  water  for  either  1  or  2 
hours  following  transfer  to  warm  air,  but  either  Intragastrlc  or  Intraperitonea, 
administration  of  a  water  load  equal  to  3%  of  body  weight  inhibited  water 
intake  following  transfe^  These  characteristics  of  thermogenic  drinking  are 
Similar  to  those  observedrollowlng  24  hours  of  dehydration  at  26o  c*  and  also 
suggest  that  the  cold-exposed  rat  is  dehydrated  relative  to  controls.  These 
results  suggest  that  osmoreceptors  may  play  a  role  in  the  Induction  of  thermo¬ 
genic  drinking.  However,  angiotensin  II  receptors  may  also  play  a  role.  Ther¬ 
mogenic  drinking  was  inhibited  by  beta-2,  but  not  beta-1-adrenerglc  antagonists 
as  well  as  by  captoprll,  an  inhibitor  of  the  conversion  of  angiotensin  I  to 
angiotensin  II.  This  suggests  that  an  additional  component  Involved  in  thermo¬ 
genic  drinking  is  the  angiotensin  II  receptor.  The  extent  to  which  thermo¬ 
genic  drinking  is  mediated  by  each  type  of  receptor  is  unknown  and  will  require 
additional  studies. 

Rats  exposed  chronically  to  cold  air  have  an  increased  responsiveness  to 
beta-adrenergic  stimulation  as  exemplified  by  a  greater  Increase  in  heart  rate 
and  tall  skin  temperature  and  a  greater  decrease  in  peripheral  resistance 
following  administration  of  Isoproterenol.  No  effect  of  the  alpha-adrenergic 
agonist,  phenylephrine,  on  tail  skin  temperature  of  either  control  or  cold- 
acclimated  rats  was  observed.  Further,  the  tension  developed  by  aortic  smooth 
Duscle  rings  of  CA  and  control  rats  during  stimulation  of  alpha-adrenergic 
receptors  by  norepinephrine  is  reduced  significantly  in  the  CA  group.  However, 
ecclimatlon  to  cold  air  did  not  alter  responsiveness  of  aortic  rings  to  KCl. 

This  suggests  an  unchanged  contractile  mechanism  in  aortic  smooth  muscle  from 
CA  rats  but  a  reduced  responsiveness  either  at  the  level  of  the  alpha-adrener¬ 
gic  receptors  or  at  a  site  immediately  beyond.  These  results  also  suggest  that 
beta-adrenergic  receptors  may  play  a  dominant  role  in  acclimation  to  cold  in 
the  laboratory  rat.  Since  an  Increase  in  the  rate  of  secretion  of  thyroid 
hormones  occurs  during  exposure  to  cold,  it  is  possible  that  thyroid  hormones 
may  play  an  Important  role  in  the  increased  responsiveness  to  beta-adrenergic 
stimulation  that  accompanies  cold  acclimation  in  the  laboratory  rat.  Studies 
from  this  laboratory  have  shown  that  reduction  in  thyroid  activity  reduces, 
while  increases  in  thyroid  activity  Increases,  responsiveness  to  beta-adrenerg¬ 
ic  stimulation. 

>  Rats  exposed  chronically  to  hypoxia  (12%  oxygen  <n  nitrogen)  became 
dehydrated.  They  decreased  their  water  Intake  below  prehypoxlc  control  levels 
during  the  first  2  weeks  of  exposure  but  gradually  returned  water  Intake  to 
control  level  by  the  4th  week  of  exposure.  In  contrast,  dally  urinary  output 
was  uninfluenced  by  hypoxia. c;^omparlson  of  the  relation  between  urinary  flow 
rate  and  total  solute  excretion  rate  revealed  for  experimental  rats  a  smaller 
solute  excretion  rate  at  a  given  urinary  flow  rate  than  for  controls.  In 
addition,  rats  exposed  to  hypoxia  were  unable  to  concentrate  their  urine  to  the 
level  of  control  rats  after  24  hours  of  dehydration.  Serum  osmolality  and  I 

specific  gravity  were  significantly  higher  for  experimental  rats.  In  addition,  I 
hypoxia-treated  rats  drank  large  amounts  of  water  immediately  after  removal 
from  hypoxia.  These  results  suggest  that  chronic  exposure  to  hypoxia  also 
Induced  a  state  of  dehydration  in  rats,  possibly  as  a  result  either  of  an 
attenuated  response  to,  or  reduced  production  of,  endogenous  antidiuretic 
hormone.  The  failure  of  spontaneous  water  intake  to  maintain  normal  serum  | 
osmolality  during  exposure  to  hypoxia  cannot  be  explained  nor  Is  there  an 
adequate  explanation  for  the  persistent  increase  in  water  Intake  after  removal 
from  the  hypoxic  environment.  These  observations  will  require  additional 
studies. 
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Dehydration  Is  reported  to  occur  In  man  exposed  to  cold.  Rats  appear  to 
respond  in  an  analogous  fashion  in  that  they  become  dehydrated  when  exposed  to 
air  at  5®C.  for  1  to  12  days  in  spite  of  the  continued  presence  of  water. 
Dehydration  was  manifested  by:  (a)  a  reduction  in  the  ratio  of  water/food 
ingested  during  cold  exposure;  (b)  a  two  fold  increase  in  evaporative  water 
loss;  [c)  an  increased  serum  osmolality  and  chloride  concentration;  and  (d)  a 
striking  thirst  following  removal  from  cold  air.  Using  the  rat  as  a  model  of 
man,  studies  have  been  carried  out  to  determine  whether  cold-induced  dehydration 
is  related  to  an  attenuation  of  thirst  mechanisms  and  drinking  or  to  an 
attenuation  of  the  ability  to  conserve  water  on  the  part  of  the  kidneys,  or 
both. 

After  as  little  as  6  hours  of  exposure  to  air  at  5“C.,  drinking  was  induced 

in  rats  following  transfer  from  air  at  5®C.  to  air  at  26®C.  Drinking  began 

within  15  minutes  after  transfer  from  the  cold  and  lasted  approximately  1  hour. 
The  stimulus  for  initiation  of  drinking  was  related  not  only  to  dehydration  but 
also  to  the  temperature  change  resulting  from  the  transfer,  since  an  ambient 
temperature  difference  of  10  Centigrade  degrees  or  more  was  required  to  initiate 
a  drinking  response  after  transfer  from  air  at  5®C.  Post-cold  exposure  drinking 

was  not  thwarted  by  preventing  access  to  water  for  either  1  or  2  hours  following 

transfer  to  warm  air,  but  either  intragastric  or  intraperitoneal  administration 
of  a  water  load  equal  to  3%  of  body  weight  inhibited  water  intake  following 
transfer.  The  characteristics  of  the  drinking  response  following  transfer  from 
5  to  26“C.  were  similar  to  those  observed  following  24  hours  of  dehydration  at 
26®C.  Hence,  these  observations  also  suggest  that  the  cold-exposed  rat  is 
relatively  dehydrated  compared  to  rats  maintained  in  air  at  26®C. 

When  rats  were  removed  from  cold  and  immediately  offered  water  at  either 
5,  10,  15,  20,  25,  30,  35,  or  40®C.  to  drink,  both  cold-treated  and  control 
rats  ingested  increasi  ^  volumes  of  water  with  increasing  water  temperature 
during  a  1  hour  test  period.  However,  cold-treated  rats  ingested  significantly 
more  w^ter  than  controls  at  any  temperature  offered.  Cold-induced  dehydration 
appeared  mainly  to  exaggerate  rate  of  water  intake  at  a  given  water  temperature. 
A  surprising  observation  was  that  both  cold-treated  and  control  rats  ingested 
maximal  amounts  of  water  when  the  water  temperature  was  approximately  body 
temperature.  This  has  uncovered  the  possibility  that  water  temperature  may  be 
an  important  factor  in  the  rate  at  which  rehydration  occurs  in  man. 

Spontaneous  water  intake  of  cold-exposed  rats  did  not  increase  during  cold 
exposure  in  spite  of  an  increased  food  intake,  urine  output,  evaporative  water 
loss,  and  serum  osmolality.  Since  water  intake  increased  immediately  after  an 
abrupt  transfer  of  rats  from  the  cold  to  a  warm  environment,  the  possibility 
existed  that  the  abrupt  change  in  skin  temperature  may  have  been  the  stimulus 
for  drinking.  To  test  this  hypothesis,  room  temperature  was  rewarmed  slowly  at 
rates  of  0.5  and  l.C^C. /minute  and  thermogenic  drink  measured  after  room 
tenperature  had  equilibrated  at  26®C.  for  20  minutes.  Cold-treated  rats  still 
ingested  significantly  more  water  than  controls  during  the  first  hour  water  was 
available.  This  suggests  that  rate  of  warming  of  the  skin  is  not  a  major  factor 
responsible  for  induction  of  thermogenic  drinking  in  cold-treated  rats. 

A  possibility  existed  that  the  temperature  of  the  water  available  to  rats 
during  exposure  to  cold  might  be  a  factor  in  the  thermogenic  drink.  By  means  of 
a  specially  constructed  water  container,  rats  were  offered  water  at  5,  15,  25 
and  35°C.  during  exposure  to  cold.  Availability  of  water  at  temperatures  higher 
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than  ambient  (5®C.)  failed  both  to  affect  the  ratio  of  water  to  food  intake 
during  exposure  to  cold  air  and  to  influence  the  thermogenic  (post-cold 
exposure)  drinking  response  of  rats  which  characteristically  occurs  immediately 
after  removal  from  cold  air.  Thus,  availability  of  warm  water  during  exposure 
to  cold  appeared  to  have  no  influence  on  cold-induced  dehydration  in  rats. 

Exposure  of  rats  to  air  at  B^C.  increases  urinary  flow  rate  significantly 
above  that  of  controls  maintained  at  26®C.  The  greater  urinary  flow  rate  was 
reduced  both  by  administration  of  pitressin  (either  200  or  500  mU/rat)  and  a  24 
hour  period  of  dehydration,  but  not  to  the  level  of  controls  maintained  at  26®C. 
Urinary  osmolality  was  similarly  affected  by  cold  exposure;  i.e.  cold-exposed 
rats  were  unable  to  increase  their  urinary  osmolality  to  the  level  of  the 
control  group  following  either  administration  of  pitressin  or  dehydration.  In 
addition,  urinary  flow  rate  for  a  given  urinary  osmolality  was  greater  for 
cold  treated  rats  than  for  controls.  These  observations  suggest  that  exposure 
to  cold  is  accompanied  by  an  altered  response  to  antidiuretic  hormone  in  the  rat 
but  they  do  not  eliminate  the  possibility  that  less  antidiyretic  hornone  may  be 
produced  by  cold-exposed  rats.  Studies  of  others  have  shown  that  elevated  blood 
levels  of  either  glucocorticoid  hormones  (cortisone,  hydrocortisone)  or 
norepinephrine  inhibit  the  antidiuretic  effect  of  administered  pitressin.  These 
may  contribute  to  the  reduced  ability  of  the  cold-exposed  rat  to  concentrate  its 
urine  since  both  of  these  hormones  are  secreted  in  excess  during  chronic 
exposure  to  cold. 

Several  types  of  receptor:  are  now  known  to  mediate  thirst  and  drinking; 
these  are  osmoreceptors  and  angiotensin  II  receptors.  Both  sets  of  receptors 
are  located  in  the  brain  and  outside  of  the  blood-brain  barrier  in  the  subfor- 
mical  organ  and  the  organium  vasculosum  of  the  lamina  terminal  is.  The  studies 
described  above  suggest  that  osmoreceptors  are  involved  in  drinking  induced 
after  removal  from  cold,  i.e.  thermogenic  drinking,  since  cold-exposed  rats  ap¬ 
pear  to  be  dehydrated  and  serum  osmolality  is  increased.  The  question  as  to 
wheither  angiotensin  II  receptors  may  also  be  involved  has  been  considered. 

Recently,  it  has  been  shown  that  thirst  can  be  induced  under  conditions 
which  include  extracellular  hypovolemia,  hyponatremia  and  intracellular  hypervo¬ 
lemia.  A  chronic  sodium  deficiency  will  induce  these  changes  and  is  accompanied 
by  thirst  and  an  increased  secretion  by  the  renin-angiotensin  system.  It  is 
known  that  angiotensin  II,  administered  into  the  brain  in  the  region  of  the 
subfornical  organ  and  the  preoptic  area,  will  elicit  thirst.  If  administered 
peripherally  at  somewhat  higher  doses,  water  intake  can  also  be  stimulated. 
Peripheral  angiotensin  II  is  believed  to  cross  the  blood-brain  barrier  in  the 
region  of  the  circumventricular  organ.  It  is  now  well  known  that  administration 
of  the  6-adrenergic  agonist,  isoproterenol,  stimulates  the  release  of  renin  from 
juxtaglomerular  cells  of  the  kidney.  Renin,  after  combining  with  renin 
substrate  in  blood,  forms  angiotensin  I,  a  decapeptide,  which  is  converted  to 
angiotensin  II,  an  octapeptide,  by  a  converting  enzyme  located  mainly  in  the 
vascular  beds  of  the  lung. 

Additional  studies  were  carried  out  to  determine  wheither  the  renin- 
angiotensin  system  might  also  play  a  role  in  thermogenic  drinking.  One  impor¬ 
tant  factor  initiating  renin  release  is  the  p-adrenergic  system.  Isoproterenol, 
the  p-adrenergic  agonist,  is  a  potent  dipsogen,  as  are  renin  and  angiotensin  II. 
A  possibility  existed  that  at  least  one  factor  in  the  initiation  of  thermogenic 
drinking  might  be  the  increased  rate  of  secretion  of  catecholamines  induced  by 
cold  exposure.  To  assess  this  possibility,  d,l-propranolol ,  a  p-adrenergic 
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antagoniiit,  was  tested  to  determine  its  effect  on  thermogenic  drinking. 
d,l -Propranolol ,  administered  at  6  mg/kg  b.w.  0.5  hour  prior  to  removal  from 
cold  significantly  inhibited  thermogenic  drinking  in  cold-treated  rats.  This 
dose  of  propranolol  did  not  affect  significantly  the  drinking  response  of 
control  rats.  Propranolol -treated,  cold-adapted  rats  drank  about  one-third  the 
amount  of  water  ingested  by  untreated,  cold-adapted  rats.  However,  propranolol 
failed  to  reduce  water  intake  of  the  cold-adapted  rats  to  that  of  the  untreated 
control  group. 

To  determine  whether  the  effect  of  d,l -propranolol  might  be  related  to  its 
membrane-stabilizing  and  central  nervous  effects,  d-propranolol  (6  mg/kg)  was 
also  used.  This  isomer  contains  little  B-adrenergic  antagonistic  activity  but 
has  the  membrane-stabilizing  and  central  nervous  characteristics  of  the  1-isomer. 
d-Pn'pranolol  failed  to  influence  the  thermogenic  drink. 

Since  e-adrenergic  receptors  can  be  subdivided  further  into  gj  and  g2 
types,  additional  studies  were  carried  out  to  characterize  further  the  receptor 
type  concerred  with  thermogenic  drinking.  Administration  of  proctolol,  a 
Bl-adrenergic  antagonist,  at  either  50  or  150  mg/kg  b.w.  0.5  hour  prior  to 
removal  from  cold  had  no  significant  effect  on  thermogenic  drink.  However, 
administration  of  the  antagonist,  butoxamine,  at  35  mg/kg  0.5 

hour  prior  to  removal  from  cold  reduced  significantly  the  thermogenic  drink. 

These  studies  showed  that  thermogenic  drinking  following  transfer  of  rats 
fro'»-.  5  to  26“C.  can  be  inhibited  by  prior  administration  of  a  Bo'^'lf'ef’ergic 
antagonist.  The  inhibition  does  not  appear  to  be  due  to  central  nervous  effects 
of  the  drug.  Thus,  it  appears  that  the  thermogenic  drinking  response  arises,  in 
part  at  least,  as  a  result  of  stimulation  of  g2"3drenergic  receptors  during 
transfer  of  rats  from  a  cold  to  a  warm  environment.  Since 
receptors  also  appear  to  mediate  the  release  of  renin  from  the  juxtaglomerular 
cells  of  the  kidney,  it  seemed  possible  that  the  renin-angiotensin  system  might 
play  a  role  in  the  thermogenic  drinking  response.  To  test  this  possibility, 
plarma  renin  activity  was  measured  in  control  rats  maintained  at  26®C.,  in 
cold-adapted  rats  maintained  at  5“C.,  and  in  treated  rats  15  minutes  after 
removal  from  5  to  26®C.  The  results  of  this  study  revealed  that  cold  exposure 
per  se  did  not  affect  plasma  renin  activity  significantly.  However,  within  15 
minutes  after  removal  from  cold,  plasma  renin  activity  increased  four-fold.  An 
additional  study  showed  that  administration  of  propranolol  prior  to  removal  from 
cold  prevented  the  increase  in  plasma  renin  activity.  This  indicates  that 
removal  from  cold  is  associated  with  an  increase  in  the  formation  of  angiotensin 
11  which  could  account,  in  part  at  least,  for  the  thermogenic  drink. 

To  test  further  this  possibility,  the  angiotensin  I  converting  enzyme 
inhibitor,  captopril,  was  administered  i.p.  to  rats  15  minutes  prior  to 
transfer  from  the  cold  to  a  neutral  environment.  At  the  same  time,  other 
cold-treated  rats  were  administered  an  equal  volume  of  the  vehicle  used  to 
dissolved  captopril.  This  group  was  also  transfered  from  the  cold  to  a  neutral 
environment.  Two  additional  groups,  not  previously  exposed  to  cold,  were  also 
used.  The  first  served  as  the  control  group,  while  the  second  received  the  same 
dose  of  captopril  as  that  of  the  cold-treated  group.  Water  intakes  of  all  rats 
were  measured  at  O.b,  1.0  and  2.0  hours  after  removal  from  cold.  A  series  of 
studies  using  10,  25,  35  and  50  mg  captopril /kg  body  weight  was  conducted.  The 


results  of  these  studies  revealed  a  graded  reduction  in  the  thermogenic 
drinking  response  with  graded  increases  in  the  dose  of  captopril  administered 
prior  to  transfer  from  the  cold  to  a  thermoneutral  environment. 

The  results  of  this  study  suggest  that  thermogenic  drinking  may  be  mediated, 
in  part  at  least,  by  activation  of  the  p-adrenergic  system  which  induces  an 
increase  in  plasma  renin  activity  and  the  formation  of  angiotensin  II.  The 
latter  is  the  dipsogenic  agent  responsible  for  the  induction  of  drinking. 

Support  for  a  role  of  angiotensin  II  in  thermogenic  drinking  is  obtained  from 
the  elevated  plamsa  renin  activity  of  rats  removed  from  the  cold  to  a  neutral 
environment.  This  coincides  with  the  time  for  induction  of  a  thermogenic 
drinking  response.  Additional  evidence  that  angiotensin  II  mey  be  important  in 
the  thermogenic  drinking  response  is  the  dose-dependent  blocking  effect  of 
captopril  which  inhibits  conversion  of  angiotensin  I  to  angiotensin  II. 

Experimental  results  to  date  suggest  that  thermogenic  drinking  is  mediated 
both  by  osmoreceptors  and  angiotensin  II  receptors.  Present  results  do  not  show 
the  extent  to  which  each  may  contribute  to  the  thermogenic  drink.  Thus,  a 
possibility  exists  that  the  thermogenic  drinking  response  of  the  cold-treate(;l 
rat  is  of  sufficient  physiological  importance  to  have  redundancy  in  the 
mechanisms  initiating  it. 

The  fnetabolic  responsiveness  of  cold-adapted  rats  to  p-adrenergic 
stimulation  was  tested  by  way  of  increases  in  tail  skin  temperature  and  heart 
rate  following  administration  of  graded  doses  of  isoproterenol.  Cold-adapted 
rats  removed  from  cold  for  24  hours  prior  to  the  study  responded  at  each  dose  of 
isoproterenol  with  greater  increases  in  tail  skin  temperature  and  heart  rate 
than  non-adapted  controls.  The  responsiveness  of  a-adrenergic  receptors  of 
rings  of  aortic  smooth  muscle  of  cold-adapted  rats  was  tested  in  vitro  during 
receptor  stimulation  by  norepinephrine  and  membrane  depolarization  by  KCl.  The 
tension  developed  by  aortic  segments  of  cold-adapted  rats  following  graded  doses 
of  norepinephrine  was  significantly  less  than  controls  but  was  not  altered 
following  administration  of  KCl.  This  suggests  an  unchanged  contratile 
mechanism  in  aortic  smooth  muscle  of  cold  adapted  rats  but  a  reduced 
responsiveness  either  at  the  level  of  the  a-adrenoreceptors  or  at  a  site 
litmed lately  beyond.  Thus,  the  cold-adapted  rat  may  have  increased 
responsiveness  to  e-adrenergic  stimulation  but  reduced  responsiveness  to 
3-adrenergic  stimulation. 

The  tail  serves  the  Important  function  of  thermoregulation  in  rats.  When 
tiie  body  of  the  rat  is  threatened  with  overheating,  tail  skin  temperature  incre¬ 
ases  as  a  mechamsiii  for  dissipation  of  the  excess  heat  produced.  A  direct 
effect  of  rising  blood  levels  of  catecholamines  on  tail  blood  vessels  of 
colo-exposed  rats  coupled  with  an  Increasing  responsiveness  of  6-aarenergic 
receptors  would  be  expected  to  Increase  heat  loss  under  conditions  in  which  heat 
conservation  should  be  maximized  to  maintained  body  temperature.  Studies  were 
direetd  to  the  question  whether  the  increase  in  tail  skin  temperature  following 
administration  of  isoproterenol  was  the  result  of  a  direct  action  of  the  drug  on 
tail  vasculature  or  an  indirect  effect  resulting  from  the  increase  in  metabolic 
rate  and  heat  production  induced  by  isoproterenol.  The  results  of  the  study 
showed  that  metabolic  rate  increases  and  is  maximal  at  the  time  tail  skin 


temperature  begins  to  increase  following  administration  of  isoproterenol.  This 
would  suggest  that  the  increase  in  tail  skin  temperature  is  an  indirect  effect 
and  serves  the  function  of  dissipating  the  excess  heat  resulting  from  the  incre¬ 
ase  in  metabolic  rate  induced  by  isoproterenol. 

Maintenance  of  a  constant  body  temperature  during  exposure  to  cold  air  in¬ 
volves  a  significant  hormonal  interaction.  The  hormones  most  commonly  studied 
in  this  regard  are  thyroid  hormones  and  catecholamines.  Several  studies  have 
been  carried  out  to  assess  their  interaction.  Thus,  hypothyroidism  appears  to 
be  accompanied  by  a  reduced  g-adrenergic  responsiveness  as  assessed  by  changes 
in  tail  skin  temperature,  water  intake,  heart  rate,  and  plasma  glucose  concen¬ 
tration  after  administration  of  isoproterenol.  Since  administration  of  thyro¬ 
xine  maintained  the  responses  of  hypothyroid  rats  at  control  levels,  it  appears 
that  thyroxine  plays  an  important  permissive  role  under  these  conditions.  Since 
chronic  exposure  to  cold  air  is  well  known  to  increase  the  secretory  activity  of 
the  thyroid  gland,  it  is  possible  that  the  increased  p-adrenergic  responsiveness 
of  cold-adapted  rats  may  be  related  to  the  increased  activity  of  their  thyroid 
glands.  Additional  studies  are  needed  to  test  this  possibility. 

To  assess  the  changes  in  ^i-adrenergic  responsiveness  of  rats  during  chronic 
exposure  to  cold,  rats  that  had  been  exposed  to  cold  (6  C)  for  10,  15,  and  25 
days  were  administered  isoproterenol  acutely  (50  ug/kg,  s.c.).  The  increases  in 
tail  and  colonic  temperatures  accompanying  treatment  with  isoproterenol  were 
significantly  greater  in  cold-acclimated  than  control  rats.  Administration  of 
isoproterenol  (8  ug/kg,  s.c.)  to  cold-acclimated  rats  (1,3,  5,  7,  14,  and  28 
days)  increased  heart  rates  above  that  of  controls.  However,  resting,  unstimu¬ 
lated  heart  rates  of  cold-acclimated  rats  were  also  increased  above  that  of  con¬ 
trols  after  1,  3,  5,  and  7  days  of  cold  exposure  but  were  not  different  from 
controls  after  14  and  28  days.  Cold  exposure  also  led  to  time-dependent 
increases  in  the  weights  of  heart,  adrenals  and  interscapular  brown  fat.  Thus, 
chronic  exposure  of  rats  to  cold  is  accompanied  by  an  increase  in  responsiveness 
of  both  heart  rate  and  tail  skin  and  colonic  temperatures  to  e-adrenergic  stimu¬ 
lation.  The  results  also  suggest  that  increases  in  responsiveness  to  a  g-adren- 
ergic  agonist  may  not  occur  at  the  same  time  for  different  B-adrenergic-mediated 
metabolic  and  cardiovascular  responses  in  cold-acclimated  rats. 

The  effect  of  chronic  administration  of  isoproterenol  on  isoproterenol - 
induced  thirst,  isoproterenol -induced  changes  in  heart  rate  and  selected  organ 
weights  of  male  rats  was  studied.  Administration  of  25  ug  isoproterenol /kg, 
s.c.  in  saline  daily  for  10  days  was  accompanied  by  a  significant  attenuation  of 
the  characteristic  increase  in  water  intake  following  acute  administration  of 
isoproterenol  (25  ug/kg,  s.c.)  on  the  11th  day.  Administration  of  25  ug  isopro¬ 
terenol/kg,  s.c.  every  second,  third,  or  fourth  day  for  10  days  was  without  sig¬ 
nificant  effect  on  water  intake  following  isoproterenol  (25  ug/kg)  on  the  11th 
day.  Chronic  treatment  with  this  low  dose  of  isoproterenol  for  10  days  was  also 
accompanied  by  a  significant  increase  in  the  ratio  of  heart  weight/body  weight 
but  no  significant  changes  in  the  ratio  of  kidney,  adrenal,  thyroid,  spleen  or 
interscapular  brown  fat  to  body  weight. 
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Thus,  daily  administration  of  the  B-adrenergic  agonist,  isoproterenol ,  for  10 
days  can  alter  Bi"  (heart  rate)  and  B2"  (thirst)  mediated  responses  in  di¬ 
vergent  ways.  In  addition,  the  results  suggest  that  tests  of  B-adrenergic  res¬ 
ponsiveness  must  be  assessed  in  terms  of  the  frequency  of  administration  of  the 
angonist. 

An  in  vitro  model  was  employed  to  evaluate  the  effect  of  cold-acclimation  on 
peripheral  outer  ring  deiodination  of  thyroxine  (T4)  to  triiodothyronine 
(T3)  by  9,000  X  g  supernatants  of  fresh  liver  homogenates.  Hepatic  T3  gene¬ 
ration  from  T4  in  male  rats  exposed  to  4®C.  for  12  weeks  was  41  and  24%  higher 
than  control  after  30  and  60  minute  incubation  periods,  respectively.  This  was 
associated  with  a  49%  increase  in  serum  T3  concentration  in  the  cold-acclimat¬ 
ed  rats,  whereas  serum  T4  concentration  did  not  differ  from  control.  Thus, 
hepatic  deiodination  of  T4  appears  to  serve  as  an  important  source  for  produc¬ 
tion  of  T3  during  cold  acclimation.  It  is  suggested  that  the  increased  B-ad¬ 
renergic  activity  observed  previously  in  cold-acclimated  rats  stimulates  this 
change. 

While  studies  related  to  thermogenic  drinking  were  being  carried  out,  the 
observation  of  another  experimental  situation  which  induces  a  large,  previously 
unreported  "thirst"  in  rats  was  made.  Exposure  for  26  days  to  an  atmosphere 
containing  either  11.0  or  12.5%  oxygen  increased  their  spontaneous  water  intake 
after  return  to  control  environment  (20.9%  oxygen) .  The  increased  water  intake 
persisted  for  2  (12.5%)  to  11  (11.0%)  days.  Other  rats  exposed  to  an  atmosphere 
containing  12.0%  oxygen  decreased  their  water  Intake  below  prehypoxic  control 
levels  during  the  first  2  weeks  of  exposure  but  gradually  returned  water  intake 
to  control  level  by  the  4th  week  of  hypoxia.  In  contrast,  daily  urinary  output 
was  uninfluenced  by  hypoxia.  Comparison  of  the  relationship  between  urinary 
flow  rate  (ml/24  hours)  and  total  solute  excretion  rate  (milliosmols/24  hours) 
revealed  for  experimental  rats  a  smaller  solute  excretion  rate  at  a  given 
urinary  flow  rate  than  for  controls.  In  addition,  rats  exposed  to  hypoxia  were 
unable  to  concentrate  their  urine  to  the  level  of  control  rats  after  24  hours  of 
dehydration.  Measurement  of  serum  osmolality  and  specific  gravity  during  the 
32nd  day  of  exposure  to  hypoxia  revealed  higher  values  for  experimental  rats. 
After  removal  from  hypoxia,  experimental  rats  ingested  more  water  than  controls 
within  one  hour.  The  greater  drinking  response  persisted  for  4  to  5  days 
post-hypoxia.  These  results  suggest  that  chronic  exposure  to  hypoxia  also 
induces  a  state  of  dehydration  in  rats  possibly  as  a  result  either  of  an 
attenuated  response  to,  or  reduced  production  of,  endogenous  antidiuretic 
hormone.  The  failure  of  spontaneous  water  intake  to  maintain  normal  serum 
osmolality  during  exposure  to  hypoxia  cannot  be  explained  nor  is  there  presently 
and  adequate  explanation  of  the  persistent  increase  in  water  intake  after 
removal  from  the  hypoxic  environment. 

The  effect  of  combined  cold  (5°C.  air)  and  hypoxia  (12%  oxygen  in  nitrogen) 
on  water  exchange  was  also  studi^  using  24  male  rats  divided  into  4  equal 
groups.  During  a  5  day  control  period,  distilled  water  and  food  intakes,  urine 
output,  and  body  weight  were  measured  daily.  At  the  end  of  this  time,  Group  1 
served  as  control,  while  Group  2  was  exposed  to  12%  oxygen;  Group  3  to  air  at 
5°C.,  and  Group  4  to  both.  All  measurements  continued  during  the  first  3  weeks 
of  the  experimental  period.  Regression  analysis  of  water  intake  on  urine  output 
revealed  that  at  a  given  water  intake,  all  3  treated  groups  excreted  signifi¬ 
cantly  more  urine  than  control. 
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No  significant  differences  occurred  among  treated  groups.  Serum  osmolalities  of 
all  3  treated  groups,  measured  at  the  end  of  the  48  day  treatment  period,  were 
elevated  above  the  level  of  the  control  group.  All  treated  groups  also 
manifested  a  thirst  inmediately  following  return  to  control  environment.  Thus, 
the  3  treated  groups  appeared  to  be  dehydrated  relative  to  the  control  group. 

The  results  further  suggest  that  the  effect  of  combined  cold  and  hypoxia  on 
water  exchange  is  not  a  sutmation  of  that  occurring  separately  during  cold  and 
hypoxia.  The  factors  inducing  dehydration  in  cold  and  hypoxia  are  apparently 
related  to  increased  evaporative  water  loss  and  to  alterations  in  thirst  and 
renal  mechanisms. 
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